The biosorption potential of orange waste (OW) was investigated using synthetic solutions of arsenic and contaminated drinking water under different parameters, e.g. biosorbent dose, initial concentrations of solution, contact time, and pH in a batch system. The optimum conditions were identified as a contact time of 30 minutes, pH 6, biosorbent dose of 1 g L
INTRODUCTION
Around the globe, arsenic is a naturally occurring metalloid (Iriel et al. ) and being part of the earth's crust, it causes contamination of water resources. Contamination of drinking water with arsenic is a serious issue due to its toxicity and carcinogenicity (Yazdani et al. ) and it is well known that continuous exposure to low arsenic concentrations can lead to chronic diseases (Zhang et al. ) .
Due to its high toxicity and carcinogenicity arsenic is considered a class 1 toxicant and the World Health Organization has set a permissible limit of 10 ppb in drinking water. Arsenic exposure has been linked with a high risk of malignant arsenical skin lesions (Brahman et al. ) , diabetes mellitus, and carcinomas in humans. Chronic exposure can disrupt several biological processes of the body and can cause severe effects on the body's organs, mainly the liver. Furthermore, alteration of growth factor, suppression of proteins involved in cell cycle checkpoints, and disruption of the DNA methylation and repair system are major pathways that are mainly affected by arsenic toxicity (Kumar et al. ) .
Arsenic contamination of water resources occurs due to natural as well as anthropogenic activities (Islam et al. ; Yazdani et al. ) as arsenic is used in different industries.
Natural geochemical processes, use of arsenic-containing pesticides, irrigation with contaminated water, and fertilization with municipal solid wastes are major entry points of arsenic into the food chain (Finnegan & Chen ) .
Depending on the redox environment, arsenic mainly exists in two oxidation states in water known as arsenate (V) and arsenite(III) (Zhang & Gao ) . In Pakistan, soil and water resources of different regions have substantially high concentrations of arsenic (Brahman et al. ) . In Sindh province, the groundwater arsenic concentration has reached up to 1,100 μg/L against the permissible limit of the World Health Organization (10 μg/L) for drinking water. Moreover, about 20% of the population in Punjab province and 36% of the population in Sindh province is exposed to arsenic contamination above the prescribed limits of the World Health Organization (Haque et al. ) . In order to ensure the use of safe drinking water and to meet water quality standards there is an urgent need to develop a new treatment system that can efficiently remove arsenic from drinking water.
A number of treatment methods are known to eradicate metals from water. For the removal of arsenic from drinking water, adsorption is emerging as a useful technology keeping in considerations the cost, availability, simplicity and operation of the process (Yazdani et al. ) . Different biosorbents are used for the removal of toxic compounds from water out of which agricultural wastes are more popular due to their cost effectiveness, availability and efficiency (Paradelo et al. ). Activated carbon papered from grape bagasse has been used as a low-cost adsorbent to remove copper from aqueous solution (Demiral & Güngör ) .
Adsorption using cashew nut shell showed 92.55% removal efficiency for the adsorption of arsenic(III) in a three-phase fluidized bed reactor (Dora et al. ) . Pakistan is a citrusproducing country, producing 95% of the Citrus reticulata variety (mandarin orange) and orange waste (OW) is freely available in huge quantities (Irem et al. ; Qureshi et al. ) having no other use and also causing problems of solid waste management. Therefore using this waste as a biosorbent will not only remove arsenic from water but also resolve the issue of waste management. Furthermore use of natural OW is safe for humans as it can be directly used for water treatment without any modifications.
In the last decade several studies were conducted to evaluate the capabilities of OW for the removal of heavy metals from water. Orange juice residue was chemically modified and its biosorption efficiency for removing the arsenic from aqueous media was evaluated at different contact times and pH after loading the gels with iron (Ghimire et al. ) . Saponified OW was used to study the effect of adsorbate dose, arsenic(III) concentration and contact time in a batch system (Qureshi et al. ) . Chemically modified orange peel was characterized by Fourier transform infrared (FT-IR) and scanning electron microscopy (SEM) and it showed high efficiency for copper(II) removal from aqueous solution in a batch system (Feng et al. ) . Similarly removal of cadmium by OW revealed that the process is highly dependent on pH and maximum removal was Micro-grain activated carbon has been used in a fluidized bed reactor as a tertiary treatment process to remove the emerging pollutants from the discharge of a wastewater treatment plant (Mailler et al. ) .
The objectives of the present work were to: (1) evaluate the efficiency of powdered OW in its natural form to remove arsenic from water in batch-and column-scale systems, (2) explain the influence of different experimental conditions such as biosorbent dose, pH, contact time, and initial arsenate concentration on arsenate sorption capacity in order to optimize the process for treatment of contaminated drinking water, and (3) investigate the mechanism of the biosorption process using FT-IR, electron microscopy and equilibrium as well as kinetic studies.
MATERIALS AND METHODS

Chemicals/reagents
Sodium arsenate was used to prepare the stock solution (1,000 ppm) of arsenic(V) from which dilutions were prepared for working solutions using distilled water. All chemicals and reagents used in the study were of analytical grade and supplied by Merck. The pH of the solutions was maintained using 0.1 M solutions of NaOH and H 2 SO 4 .
Preparation of the biosorbent
OW (peel along with pulp) was collected from the local juice shop in Faisalabad, Pakistan, and thoroughly washed with tap water to remove dust and adhering particles.
After washing with distilled water, the waste was oven dried at 65 W C until it attained a constant weight. Dried OW was crushed and ground by an electric ball mill and sieved through mesh #40 and #80 (corresponding to particle sizes of 425 μm and 180 μm, respectively). The sieved biomass was stored in airtight plastic jars for further use in biosorption experiments.
Characterization of biosorbent
The biosorbent was characterized using a surface area analyzer and porosimeter (ASAP-2020, Germany). The
Brunauer-Emmett-Teller (BET) surface area of the OW was 0.2661 m 2 g À1 with a micropore volume of 0.000044 cm 3 g À1 calculated by N 2 adsorption isotherm. Functional group identification was carried out by FT-IR (IR Prestige, SHIMADZU). SEM was used to study the surface morphology of the biosorbent before and after adsorption.
Batch-and column-scale experiments
The biosorption of arsenic was carried out in a laboratoryscale batch system and column under different parameters. Upscaling for the biosorption of arsenic was carried out in a fluidized bed column of 1.6 cm diameter with bed length of 2.8 cm using 3 g/L of biosorbent (coarse particle size). About 4 L of water with initial arsenic concentration of 50 μg/L was allowed to pass through it at a flow rate of 50 ml/min under the natural pH of water at room temperature, until the complete exhaustion of the column occurred.
Breakthrough volume was determined from the plot of volume (L) vs residual arsenic concentration (ppb).
Equilibrium and kinetic studies
The equilibrium sorption capacity of the OW biosorbent was determined using the Langmuir and Freundlich isotherm equations. The amount of solute adsorbed was determined from the following equation:
where C e is the final concentration of metal after adsorption (mg/g) and q e is the adsorption capacity at equilibrium (μg/g). Q o and b are the Langmuir constants for adsorption capacity and rate of adsorption respectively and were determined from the slope and intercept. The Freundlich equation can be written as
where C e is the concentration of metal at equilibrium (μg/g) and q e is the adsorption capacity at equilibrium (μg/g). K f and n are the Freundlich constants that describe the surface affinities of the biosorbent. In order to investigate the mechanism of biosorption and influence of parameters like mass transport and chemical reaction, the experimental data have to be tested by kinetic models. The value of constants obtained from kinetic models is required for the upscaling of the process (Ncibi et al. ) . For kinetic studies, the samples were analyzed at different time intervals and the change in sorption capacity was determined. The data were fitted to pseudo-second-order kinetics as expressed in Equation (3):
The plot of t versus t/q t gives a linear relationship from which q e , K and h can be determined from the slope and intercept, respectively. All graphical work was carried out in MS-Excel 2007.
Calculation of sorption capacity and arsenic removal efficiency
The sorption capacity of OW and percentage arsenic removal were calculated using Equations (4) and (5), respectively (Akar et al. ) :
%removal
where q e ¼ uptake capacity (μg g À1 of dry weight), 
FT-IR analysis
FT-IR spectroscopy is a technique used for organic structure determination of a material. It is used to get the molecular fingerprints of a sample that help to identify the unknown material and provide information about the major functional groups. FT-IR analysis of orange peel and orange peel carbon was performed by the KBr disk method and used to determine the functional groups involved in the adsorption of dye (Khaled et al. ) . The shift in peaks of orange peel before and after cadmium binding was observed from FT-IR spectra to indicate the involvement of specific functional groups in metal binding (Schiewer & Iqbal ) . In the present study, FT-IR spectra of OW before and after adsorption of arsenic were obtained using a KBr disk. (Figure 1(b) ). at room temperature and pH 6. There was no difference in sorption capacity (μg/g) at contact times of 30 minutes 
Effect of pH
Initial pH of the solution plays an important role in biosorption. A pH-dependent variation in adsorption occurs due to the fact that change in pH modifies the charge of both adsorbent and adsorbate molecules leading to change in interactions among functional groups (Chen et al. ).
There was a slight difference in the arsenic adsorption capacity of OW when tested under different pH. The optimum pH observed was 6.0 at which maximum sorption capacity was obtained, so further experiments were conducted without changing the pH of the solution as the natural pH of the arsenic solution was 6.0 at room temperature (Figure 3(b) ). Furthermore, when tested with drinking water samples, the biosorbent showed similar results as shown with synthetic solutions suggesting that it can be used directly for arsenic removal from drinking water as biosorption of arsenic was less influenced by pH. The results of the present study are similar to those reported by Zhang et al. () . FT-IR analysis of the OW has pointed out the presence of -COOH and -OH functional groups that can be considered possible active sites for sorption of arsenic.
Arsenic is able to form oxyanions and is also redox sensitive and thus its adsorption is dependent on the pH of the environment. Moreover, under acidic or near-neutral pH, As(V) is more strongly adsorbed than As(III) (Shafique et al. ) .
Effect of initial arsenic concentration and adsorption isotherms
The initial concentration of contaminant has a strong influence on the percentage removal of the adsorbate and also helps to determine the sorption capacity of the biosorbent.
In the present study, the sorption capacity of arsenic on Values for R 2 and constants are given in Table 1 
Kinetic modeling
Kinetic models such as pseudo-first-order and pseudo-secondorder kinetics were used to test the experimental data to exam- Further research is needed to get the optimum conditions for pilot-scale testing of the biosorption process by OW as well as evaluation of treated water for food quality parameters in order to commercialize the process.
CONCLUSIONS
• OW was found to be a low cost and abundantly available biosorbent for removing arsenic from contaminated water.
• The decrease of arsenic concentrations in water after adsorption in a fluidized bed column met the WHO standard (10 μg/L) with a flow rate of 50 ml/min under the natural pH of the water at room temperature.
• FT-IR spectra of the biosorbent before and after adsorption indicated that carboxylic and hydroxyl groups are the major active sites involved in metal removal, while SEM confirmed the adsorption process showing obvious changes in surface morphology.
• The removal of arsenic by OW was independent of most of the parameters with the exception of initial arsenic concentration and can be safely used for drinking water treatment.
